Aim of the study: to study the microbial communities and sulfate-reducing bacteria of soils collected from the surfaces of the gas-pipeline. Methods: microbiological, biochemical, molecular biological. Results: In the microbial communities of soils near the main-gas pipeline "Soyuz" (Ivano-Frankivsk region, Ukraine) were appeared such microorganisms as iron-reducing, tionic denitrifying, ammonifying, denitrifying and diazotrophic bacteria among them were dominated sulfate-reducing bacteria. It were obtained 4 pure cultures of the sulfate-reducing bacteria and was determined culturalmorphological and physiological-biochemical characteristics of bacteria. In the fatty acid components of sulfate-reducing bacteria were identified 14 fatty acids with chain length from C10 to C18. According to partial sequence of the 16S rRNA gene the K1 isolate has 90% homology with the sequence of Desulfovibrio desulfuricans ATCC 27774 (NR074858.1), K2 isolate -92% homology with Desulfovibrio sp. D4 (AF192155) K1/3 isolate has 95% homology with Desulfotomaculum kuznetsovii DSM 6115 (CP002770.1). Conclusion: According to the phenotypic, chemotaxonomic and molecular genetic characteristics bacteria isolated from soils near main-gas pipeline were related to the genera Desulfovibrio, Desulfotomaculum.
Recently actual question is the isolation and determination of the taxonomic composition of corrosive-relevant microbial cenosis involved in corrosion processes occurring in the soils surrounding various underground structures.
Therefore, the aim of our study were the isolation, identification and determination of taxonomic position of sulfate-reducing bacteria from corrosive-relevant sulfidogenic microbial communities of the soils near surface main gas-pipeline with using the complex of phenotypic, chemotaxonomic and phylogenetic characteristics.
Materials and methods. Soil sampling. It were sampled and analysed soils taken in 2 different spots near the surface of main gas-pipeline "Soyuz" (Ivano-Frankivsk region, Ukraine). Soil sampling was carried out during the excavation the pipeline in spring-summer season, temperatures during sampling ranged from 8-12°C to 25-32°C. Prior to analysis soil samples were stored in sterile container at +4°C.
Microbiological analysis. Determination the amount of main ecological physiological bacterial groups of sulfidogenic microbial communities from soils were carried out by cultivation the series of dilutions in elective liquid nutrient media. Sulfate-reducing bacteria (SRB) were cultivated in Postgate's "B" medium, iron-reducing bacteria (IRB) -in Kalinenko's medium, thionic bacteria (TB) -in Bejeriink's medium, ammonifying bacteria (AB) -in nutrient broth, denitrifying bacteria (DNB) in Giltay's medium, diazotrophic bacteria (DB) -in Vinogradsky's medium [14, 18] . Bacteria were cultivated at 28°C during 5-14 days depending on the group of bacteria. The numbers of bacteria per gram of dry soil were determined according to MacCredy tables [19] .
Morphological studies of bacteria were performed using light microscope Meji HT5100 (Japan) (magnification x1000) and transmission electron microscope JEM 1400 (JEOL, Japan). The samples were viewed with the general voltage 80V and total instrumental magnification ×3000-15000 times. The measurement of the bacterial cell's sizes on the obtained images were provided with Image J ver.1.43u software program (http://rsb.info.nih.gov/ij/).
Pure cultures isolation. The isolation of SRB pure cultures were performed with using the modified Sturm method on the agar Postgate "B" and "C" media [18] . Bacterial cultures were growth in anaerobic conditions at 5-42ºС using Genbox Jar 7.0 L with oxygen absorbing generators (Biomerieux, France).
Studies of physiological and biochemical characteristics were determined by the ability of bacteria to use different carbon sources (as an electron donor and carbon source -alcohols were added to the medium at a concentration of 1.0 g/l, organic acids 2.0 g/l, amino acid 3.5 g/l) and different electron acceptors (sulfate, sulfite, thiosulfate, elemental sulfur). [3, 14, 19, 20] .The ability of bacteria to grow and survive with different sodium chloride concentration was determined in the Postgate "B" nutrient medium with the concentration of NaCl from 1 to 10%.
Molecular genetic identification. For DNA extraction was used 3-7 days old SRB cultures. DNA from the bacterial biomass was isolated by using reagent kit "DNA-Sorb-B" (AmpliSens, Russia) according to the manufacturer's protocol.
Amplification of 16S rRNA gene was performed using universal primer pairs: forward RNNF1 5 / -CGGCCCAGACTCCTACGGGAGGCAGCA-3 / (corresponding to 310-340 pairs of nucleotides of E. coli 16S rRNA gene) and reverse RNN1 5 / -GCGTGGACTACCAGGGTATCTAATCC-3 / (corresponding to 770-740 pairs of nucleotides of E. coli 16S rRNA gene) (http://lyco.lycoming. edu/~newman/) by the PCR running on the 2720 "Thermal Cycler" (Applied Biosystems).The temperature of amplification: initial denaturation (94 ºC, 5 min), denaturation 35 cycles: (94ºС, 30 s), primer elongation (55 °C, 30 s), polymerization (72ºС, 30 s) and final cooling to 4°C. Analysis of PCR products was performed using electrophoresis in 1% agarose gel stained with ethidium bromide (in concentration 1 µl/ml) at voltage field 10 V/cm. Molecular DNA rullers were MassRuller DNA Ladder Mix SM 0403 (Fermentas, Lithuania). Sequencing of 16S rRNA genes were carried out according to standard protocol using an automated analyzer "3130 Genetic Analyzer" (Applied Biosystems) using reagent kit "BigDye Terminator v. 3.1 Cycle Sequencing Kit" (Applied Biosystems). The nBLAST program assosiated with GenBank database were used for the searching and comparing homologous nucleotide sequences of genes encoding the ribosomal subunit 16S rRNA (http://www.ncbi.nlm.nih.gov/nblast).
Determination of fatty acid composition. To determine the fatty acid composition of cell lipids were used biomass of 7-10 days old SRB cultures. Bacterial biomass were obtained by centrifuging 40-50 ml of culture liquid in the Eppendorf centrifuge (5415R rotor) at 8000 rpm for 20 min. Biomass twice washed with 30 ml of phosphate buffer (pH 7.6) from the residues of the cultural fluid and further washed by 5% sodium citrate solution to dissolve the ferric sulphides compounds.
The methanolysis was carried out with adding to the bacterial biomass 5 ml of a mixture of methanol in 1.0% H 2 SO 4 solution. The mixtures were stirred and transferred to the glass ampoules, sealed and carried out the in 80°C, lasting 4 hours. After the ampoules was opened and added 2 ml of distilled water. Fatty acids extraction was carried out with a mixture of diethyl ether and hexane in a ratio of 1:1. The procedure of extraction was carried out three times. The extracts were evaporated at 40°C and to the dry extracts were added 0.5 ml of hexane [25] . Analysis of the fatty acids composition was performed on gas chromatograph 6890N with capillary column HP-5 MS in 5% solution of fenylmethyl oxane (column size 30 m×0.25 mm×0.25 µm) at 150-210°C (4°C/min), gas-carrier was helium, flow rate 1 ml/min. To detect the eluents were used mass-spectrometric detector 5973 inert ("Agilent Technologies", USA).
Test-cultures. As bacterial test-cultures for identification the isolates of SRB were used SRB strains from the Ukrainian Collection of Microorganisms:
Statistical data processing was performed with the MS Exel 2010 software. Repeated the experiments were three times. The unsaturation degrees were calculated by the formula specified in [10] .
Results. Previously we have conducted microbiological studies of the sulfidogenic microbial communities from various man-caused ecotopes with different technogenic load [1]. According to our microbiological analysis of soil samples K1, K2, collected in different spots from surface near the main gas-pipeline "Soyuz" were identified the representatives of ecological physiological bacterial groups of the sulfidogenic microbial community. The major group among them were sulfate-reducing bacteria, they appeared in the range from 10 7 to 10 9 cells/per soil g ( Fig. 1 ).
Figure 1. Compound of microbial communities in soils near gas-pipeline "Souyz"
(Ivano-Frankivsk region, Ukraine) Notes: bacteria group -SRB -sulfate-reducing, IRB -iron-reducing, TB -acidophilic tionic, DNB -denitrifying, AMB -amonifying, DB -diazotrophic
Determination of other ecological groups of microorganisms included in the soil microbial communities show that iron-reducing bacteria (IRB) were appeared in amount 10 5 -10 6 cells/soil g and ammonifying bacteria (AB) 10 3 -10 7 cells/soil g. Tionic, denitrifying and diazotrophic bacteria were calculated in small amounts 10 1 -10 3 cells/soil g.
To characterize the soil sulfidogenic microbial communities it is also necessary to study the species and taxonomic composition of the dominant members. Therefore, from the studied soil samples collected from main gas pipeline we isolated and obtained 4 pure cultures of SRB.
The study of bacterial isolates morphology ( Fig. 2 ) showed that the bacterial isolate K1 has the form of straight rods, sometimes slightly curved, K1/3 isolate cells were vibrio shape. Cells of K2 and K2/3 isolates were characterized by a rod-shaped form, sometimes paired. All SRB were mobile due to lophotrich located flagella, cells were non-spore forming except K1/3 isolate, which formed terminal located spores.
Physiological and biochemical characteristics of sulfate-reducing bacteria are presented in table 1. SRB isolates were halotolerant, K1, K2/3 isolates were grown at a concentration of sodium chloride from 1 to 5%, and K1/3, K2 isolates at 3%. The bacteria were mesophilic, grown at a temperature range from 20 to 42ºC and did not grown and showed no activity at 5ºC. As electron acceptors all the bacterial isolates were used sulfates, thiosulfate, sulfites, also were able to use nitrate (except K2/3 isolate); elemental sulfur were used only by K1 isolate. As carbon sources, in particular organic alcohols and acids, all the studied SRB isolates were used lactate, pyruvate, ethanol, butanol, methanol, succinate, citrate, fumarate (except K2/3), benzoate (except K2, K2/3 isolates), K1, K1/3 isolates grown by consuming acetate. Bacteria are not used the propionate, formate, acetone, butyrate, phenol, oxaloacetic acid (except K2/3) and lactose.
Isolated SRB were able to assimilate such amino acids as serine, asparagine, arginine, glutamate, asparagine acid and ornithine, not assimilated alanine and glycine. Tryptophan was consumed only by the K2, K2/3 isolates and lysine is not used by K1 isolate.
Fig. 2. Morphology of SRB's isolated from microbial community, TEM, bar lengths -500 nm
Chemotaxonomic analysis were conducted and determined the qualitative and quantitative analysis of fatty acid composition of SRB's total lipids and were performed the comparison of fatty acid profiles with the profiles of collection strains Desulfovibrio desulfuricans DSM642, D. vulgaris DSM644, Desulfovibrio sp. 10, Desulfovibrio sp. TC2.
In the fatty acid composition of SRB's cells lipids were identified 14 fatty acids with chain length from C10 to C18, among them were saturated tridecanoic (C13:0), tetradecanoic (C14:0), pentadecanoic (C15:0), isopentadecanoic (іѕоС15:0), antiisopentadecanoic (aiso C15:0), hexadecanoic (C16:0), CIS 9, 10 methylene heptadecanoic (9,10 cis C17:0), heptadecanoic (C17:0), octadecenoic (C18:0), hydrooxyoctadecanoic (3ОНС18:0) and unsaturated -hexadecenenic (C16:1), transhexadecenic (trans C16:1), cis-octodecenic (cis C18:1) and transoctadecenic (trans C18:1) acids (data shown in table. 2).
In studied bacteria major fatty acids were pentadecanoic (19.91-30.35%), hexadecanoic (12.91-of 44.66%) and cis-9 10 methylene hexadecanoic (20.18-23.72%). In composition of dominant fatty acids strain K1/3 significantly differed. In its profile is not revealed pentadecanoic and cis-9, 10 methylene hexadecanoic acids and the content of C18 was the highest (of 44.66%) among the analysed bacteria. The degree of unsaturation for K1, K2 and K2/3 isolates amounted from 0.10 to 0.15 and for K2/3 isolate differed significantly (0.27).
Comparison of fatty acid composition of total lipids of studied bacteria with data obtained from collection SRB cultures showed that K1 isolate was similar For more accurate species identification of SRB's K1, K1/3, K2 strains were performed the molecular genetic identification by partial sequencing of the 16S rRNA gene sequences. Comparative analysis of the sequences of the 16S rRNA genes were performed using bacterial nucleotide sequences deposited in GenBank database (table. 3). As a result of 16S rRNA genes sequence analysis obtained aligned nucleotides with aprox. 400-900 bp were compared with nucleotides deposed in GeneBank database. It was shown that SRB K1 strain has 90% homo logy to sequence of Desulfovibrio desulfuricans ATCC 27774 (NR074858.1). K2 strain has 92% homology to sequence Desulfovibrio sp. D4 (AF192155) (class Deltaproteobacteria, phylum Proteobacteria); and strain К1/3 has 95% homology to Desulfotomaculum kuznetsovii DSM6115 (CP002770.1) (class Clostridia, phylum Firmicutes). For K2/3 strain analysis was not performed.
Тable 3 The results of sequence analysis of 16 rRNA gene of SRB strains isolated from soils near main gas-pipeline
Discussion. According to result of phenotypic identification studied SRB strains are related to the Desulfovibrio and Desulfotomaculum genera. Members of the Desulfovibrio genus are not thermotolerance and spore-forming despite the Desulfotomaculum genus. Most related to the Desulfovibrio genus are such SRB genera as Desulfomicrobium, Lawsonia and Bilophila [5, 6] .
The results obtained from the fatty acid composition analysis are similar to the data of other researchers [24] . Also, the authors [16] had shown that in many members of the Desulfotomaculum genus was present іso С15:0 fatty acid and it's was identified in small concentrations (3.12%) in our studied Desulfotomaculum sp. K1/3 strain. But we need to conclude that fatty acid composition analysis for SRB has low taxonomic resolution.
According to data phylogenetic analysis had revealed more indicative for accurate determination of the taxonomic position of SRB, although the percentage similarity of nucleotide sequences of the 16S rRNA gene for studied strains was 90-95%. Noted that the 16S rRNA gene of SRB strains are characterized by the phenomenon of multicopy and heterogeneity of the terminal insert located at the 5' and 3' terminal regions. The authors [23] had provided the comparative analysis of similar genes in closely related species Desulfotomaculum kuznetsovii and had revealed that the heterogeneity of 16S rRNA genes copies distorts the position of bacteria in the phylogenetic tree. SRB are genetically quite heterogeneous group and also has wide range of physiological, adaptive abilities and physiological heterogeneity [26] and because of this SRB can occupy a lot of habitats with various conditions.
Our previously obtained data about the diversity of SRB, isolated and identified by classical microbiological and molecular methods, in such man-caused ecotopes as communications of heating systems [20] and corrosion products of reinforced concrete structures of the DniproHES [3] has shown that the Desulfovibrio, Desulfotomaculum genera are the most common among corrosive relevant SRB. Data from our studies also confirmed by a number of foreign author's studies, which showed a low generic diversity of cultivated SRB isolated from man-caused systems regardless of the used methods of identification. For example, Guan et al [9] used metagenomic analysis with subsequent creation clone libraries studied the diversity microbial communities in salt waters corrosive high temperature petrol reservoirs and they had shown that the most frequently identified bacteria were representatives of genera Desulfomicrobium (31.4% of clones) Desulfovibrio (18.2%) and Desulfotomaculum (25.0%). In another study among the SRB strains isolated from biofoulings of the heating systems, and identified according to classical microbiological methods and with the use of sequence analysis of 16S rRNA gene of bacterial clones, SRB were related to the species Desulfovibrio africanus, Desulfotomaculum ruminis and D. putei [12] .
Limitations of the microbiological cultural methods lays in the fact that they allows identified in pure cultures less than 0.1-1.0% of the total amount of the microbial community [13, 17] . This is not allows to describe the existing bacterial diversity regardless of the microbial community allocation. However, even with the appearance of the modern molecular methods, such as pyrosequencing, the conducted analysis of microbial communities, collected from bottom sludge of lake Sulfatnoe revealed among the Proteobacteria only representatives of the class δ-Proteobacteria (19.4 %) and among them 87% of the sequences belonged to the SRB of the orders Desulfobacterales and Desulfuromonadales, only 1.38% of the identified sequences had a level of homology more than 97% with known cultivated species SRB such as Desulfuromonas acetexigens, Desulfomicrobium baculatum and Desulfobacterium catecholicum. It is shown low species diversity (only 3 SRB genera) and the number of determined SRB taxons [8] .
According to the phenotypic, chemotaxonomic and molecular genetic characteristics bacteria isolated from soils near main gas-pipeline were related to the genera Desulfovibrio, Desulfotomaculum.
Therefore, the combined use of classical cultural and molecular methods can significantly increase the identified bacterial diversity in various mancaused systems, especially in main gas-pipelines. Timely detection of SRB and study of their cultural and physiological biochemical characteristics could help us to develop effective control techniques and protection and prevention methods of pipelines against microbiological corrosion. Р е з ю м е Цель работы: исследовать микробные сообщества и сульфатредуцирующие бактерии выделенные из грунтов, прилегающих к поверхности магистрального газопровода. Методы: микробиологические, биохимические, молекулярно биологические. Результаты: В микробных сообществах грунтов, прилегающих к магистральному газопроводу «Союз» (Ивано-Франковская обл. Украина), были выявлены железовосстанавливающие, денитрифицирующие, аммонифицирующие, тионовые и диазотрофные бактерии, доминирующими были сульфатредуцирующие бактерии. Выделены 4 чистые культуры сульфатвосстанавливающих бактерий и определены их морфологокультуральные и физиолого-биохимические характеристики. В жирнокислотном составе клеток сульфатредуцирующих бактерий выявлены 14 жирные кислоты с длиной цепи от С10 до С18. По данным частичного секвенирования гена 16S рРНК изолят К1 проявил 90%-ую гомологию к последовательности штамма Desulfovibrio desulfuricans ATCC 27774 (NR074858.1), изолят К2 -92%-ую гомологию со штаммом Desulfovibrio sp. D4 (AF192155), изолят К1/3 -95%-ую гомологию к Desulfotomaculum kuznetsovii DSM 6115 (CP002770.1). Заключение: По фенотипическим, хемотаксономическим и молекулярно биологическим характеристикам сульфатредуцирующие бактерии из грунтов, прилегающих к магистральному газопроводу, отнесены к родам Desulfovibrio, Desulfotomaculum.
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